This work was aimed to investigate the effects of the different particle size of ground alfalfa hay on caecal microbial and archeal communities of rabbits. One hundred-twenty New Zealand rabbits (950.3 ± 8.82g) were allocated into four treatments, with 5 replicates in each treatment and 6 rabbits in each replicate. The particle sizes of the alfalfa meal in the four treatment diets were 2500, 1000, 100 and 10 µm respectively, while the other ingredients were ground through a 2.5 mm sieve. High-throughput sequencing technology was applied to examine the differences in bacteria and methanogenic archaea diversity in the caecum of the four treatment groups of rabbits. A total of 745,946 bacterial sequences (a mean of 31,081 ± 13901 sequences per sample) and 539,227 archaeal sequences (a mean of 22,468 ± 2443 sequences per sample) were recovered from twenty-four caecal samples, and were clustered into 9,953 and 2,246 OTUs respectively. A total of 26 bacterial phyla with 465 genera and 3 archaeal phyla with 10 genera were identified after taxonomic summarization. Bioinformatic analyses illustrated that Firmicutes (58.69% 6 8.50%) and Bacteroidetes (23.96% ~ 36.05%) were the two most predominant bacterial phyla and Euryarchaeota (over 99.9%) was the most predominant archaeal phyla in the caecum of all rabbits. At genus level, as the particle size of alfalfa decreased from 2500 to 10 µm, the relative abundances of Ruminococcaceae UCG-014 (P < 0.001) and
The V4 variable region of 16S rRNA gene was amplified by using caecal total DNA as 140 template.
Selecting 515F (5'-GTGCCACMCCGCGGTAA-3') and 806R (5'-141 GGACTACHVGGGTWTCTAAT-3') as the primer pair for the bacteria (Caporaso et al., 2011) , 142 while selecting A516F (5'-TGYCAGCCGCCGCGGTAAHACCVGC-3') and U806R (5'-143 GGACTACHVGGGTWTCTAAT-3') as the primer pair for the archaea (Kuroda et al., 2015) . 144 16S rRNA genes were amplified using the specific primer with 12 nt unique barcode，and used 145 the same reaction system for PCR amplification for bacteria and archaea. The total PCR mixture 146 (25 μL) contained 1 x PCR buffer, 1.5 mM MgCl 2 , each deoxynucleoside triphosphate at 0.4 μM, 147 each primer at 1.0 μM, 0.5 U of KOD-Plus-Neo (Toyobo, Tokyo, Japan) and 10 ng template 148 DNA. The PCR amplification program consists of initial denaturation at 94 °C for 1 min, 149 followed by 30 cycles of denaturation at 94 °C for 20 s, annealing at 54 °C for 30 s, elongation at 150 72 °C for 30 s, and a final extension at 72 °C for 5 min. Three replicates of PCR reactions for 151 each sample were combined together, PCR products mixed with 1/6 volume of 6X loading buffer 152 were loaded on 2% agarose gel for detection. And we used a 2 step process for library 153 preparation. First, 16S amplicons were generated using PCR to generate 200-400bp amplicons. 154 Second, we added unique barcodes to samples using emulsion PCR (EmPCR) to prevent chimera 155 formation (Williams et al., 2006) , and the PCR was stopped at linear stage. This methodological 156 basic principle is dilution and compartmentalization of template molecules in water droplets in a 157 water-in-oil emulsion. Ideally, the dilution is to a degree where each droplet contains a single 158 template molecule and functions as a micro-PCR reactor (Rashmi, 2016) . This method enables 159 reduces the formation of artifactual molecules, as often seen in conventional PCR, thus 160 preserving library complexity (Williams et al., 2006; Qiu et al., 2001 The effects of alfalfa meal particle size on cecal microbial communities were analyzed 205 using the MIXED procedure of SAS v9.4 (SAS Institute Inc., Cary, NC, USA). The model used 206 for the analysis was
where Y ij is an observation on the dependent variable ij, μ is the overall population mean, T i 209 is the fixed effect of alfalfa meal particle size, and e ij is the random error associated with the 210 observation ij. Tukey-Kramer multiple comparison tests were performed after differences were 211 detected. Differences between means with P < 0.05 were accepted as statistically significant 212 differences. A rarefaction test was performed at the OTU level and the results are presented ( Fig. S1) . 219 As can be seen from the rarefaction curve that all of the samples tended to reach a plateau, 220 indicating that the sequencing quantity of both bacteria and archaea covered most 221 microorganisms. Measures of alpha diversity were shown in Table 1 . As for the bacteria, the 222 OTUs, Chao1 index, Shannon-Wiener index and PD value (phylogenetic diversity) were all 223 numerically higher in group 10 µm than that of the other three groups (P > 0.05). As for the 224 archaea, the Shannon-Wiener index of group 1000, 100 and 10 µm were significantly decreased 225 compared with group 2500 µm (P = 0.044). However, no significant difference was obtained 226 among 1000, 100 and 10 µm groups. Above results suggested that rabbit caecum alpha diversity 227 of bacteria and archaea experienced different alterations when the alfalfa particle size decreased.
228
A total of 745,946 bacterial sequences were generated after quality control with a mean of 229 31,081 ± 13901 (mean ± standard deviation [SD], n = 24) per sample, and the mean length of tag 230 N50 is 304 ± 6 base pairs (bp). Based on the principle that the similarity is greater than 97%, the 231 obtained effective sequences were clustered into a total of 9,953 OTUs, the average OTU was 232 1,896 ± 251 (mean ± SD, n = 24) per sample. A total of 2107 OTUs were shared in all of four 233 treatments, while 1390, 587, 632 and 1791 OTUs were exclusively found in group 2500, 1000, 234 100 and 10 µm, respectively ( Fig. 1A) . Community OTU comparisons were visualised by clustering analysis (OTU ≥ 97% identity, 244 species level similarity) using weighted unifrac clustering in Fig. 2 . The closer samples and the 245 shorter branches are indicating the more similar the species composition of the two samples. The 246 relationship of bacterial community between different treatments showed that the samples were 247 clustered into three branches ( Fig. 2A) . All samples in 10 µm group clustered into the same 248 clade, however, sample 2500-2, 2500-4 and 100-3 were clustered into this clade. The samples of 249 group 2500, 1000 and 100 µm were blended together. This means that the bacterial composition 250 changed when the particle size of alfalfa meal decreased from 100 to 10 µm. Similarly, a 251 difference was also observed in the composition of archaea between the four treatments ( Fig.   252 2B) . The 2500 and 1000 µm groups were clustered thoroughly into one clade first and then 253 mingled together, and the distance was larger than 0.2 between the two groups. The 100 and 10 254 µm groups mixed together and could not be distinguished, and the distance was less than 0.1. 255 This means archaea is kept stable when the particle size of alfalfa meal larger than 1000 µm, and 256 it is altered when the particle size meal is lowered less than 100 µm. In addition, the archaea in 257 the caecum of rabbit is changed earlier than bacteria as alfalfa meal particle size decreased.
258
A PCoA plot of overall diversity based on weighted UniFrac metric was generated ( Fig. 3) . 259 The closer the distance between points means the more similar the community structure of the 260 two samples. The PCoA plot demonstrated that the bacterial community between 10 µm group 261 and other three treatments could be clearly distinguished (P < 0.01). However, the bacterial 262 community among 2500, 1000 and 100 µm groups could not be obvious isolated (P > 0.05), and 263 PCo1 accounted for 32.2% ( Fig. 3A ; Table S2 ). In addition, the six archaeal samples of group 264 100 and 10 µm were mixed together (P = 0.995) but could be separated thoroughly from group 265 2500 and 1000 µm (P = 0.025), and the PCo1 accounted for 98.7% ( Fig. 3B ; Table S2 ). And the 266 same result was obtained in our unweighted UniFrac metric analysis ( Fig. S3 ). This again, 267 proved that the archaeal composition structure changed before the bacterial structure, and the 268 uniformity of archaea is better with the decrease of alfalfa meal particle size. The sequences in the present experiment were finally annotated as bacteria and archaea, a 273 total of 26 bacterial phyla and 3 archaeal phyla are identified. As for the bacteria, among which 274 23 phyla were detected in the 2500 and 100 µm groups, and 21 and 24 phyla were obtained in 275 1000 and 10 µm group, respectively. Figure 4 presents the relative abundance of microbial 276 composition at the phylum level of different treatments. There were only 3 bacterial phyla with 277 relative abundance larger than 1% in 2500, 1000 and 100 µm groups (Fig. 4A) , and the two most 278 abundant phyla were Firmicutes (58.69 ± 0.114%, 67.77 ± 0.105% and 67.82 ± 0.097%) and
279 Bacteroidetes (36.05 ± 0.118%, 26.24 ± 0.114% and 26.20 ± 0.105%), followed by 280 Proteobacteria (2.69 ± 0.003%, 3.37 ± 0.005% and 3.40 ± 0.004%). At the meanwhile, the 10 µm 281 group had 4 bacterial phyla with relative abundance above 1%. In addition to the three 282 dominating phyla, Firmicutes (68.50 ± 0.052%), Bacteroidete (23.96 ± 0.056%) and
283 Proteobacteria (3.34 ± 0.002%), the relative abundance of Tenericutes (2.08 ± 0.012%) was also 284 greater than 1%. The archaeal abundance analysis showed that the highest relative abundance 285 was Euryarchaeota (over 99.9%) in all of the four treatment groups (Fig. S2) . 5A ).
304 Table 2 shows the significantly affected bacteria by the decrease of alfalfa particle size.
305 Ruminococcaceae UCG-014 (P < 0.001) and Lactobacillus (P = 0.043) were increased while the Manuscript to be reviewed 308 Christensenellaceae R-7 group (P = 0.019), Lachnospiraceae other (Family) (P = 0.011) and
309 Ruminococcaceae UCG-013 (P = 0.021) were decreased .
310
Meanwhile, a total of 10 genera were assigned from the sequences of archaea, however only 311 4 genera were classified. Archaeal classification at the genus level demonstrated that the 312 dominating genus in caecum of rabbits was Methanobrevibacter, and its relative abundance was 313 significantly increased from 62.48% to 90.40% as the particle size of alfalfa decreased from 314 2500 to 10 µm (P < 0.001). The Methanosphaera was the second largest genus in the caecum of 315 rabbits, and its relative abundance decreased from 35.47% to 8.26% with the decrease of alfalfa 316 particle size (P < 0.001) ( Fig. 5B; Table 2 ). In the present work, we attempted to study the impact of different fiber particle size on the 321 caecal microflora of rabbits. Variations in the microbial community structure of caecum in 322 rabbits were observed according to the decrease of particle size of alfalfa hay, and the archaea 323 responsed earlier than bacteria when the particle size of alfalfa decreased.
324
Effects of fiber particle size on growth performance and digestibility of nutrients in rabbit 325 has been assessed in previous studies (Gidenne et al., 1991; Romero et al., 2011; Liu et al., 326 2018), however to the best of our knowledge, this is the first implementation of high throughput 327 sequencing technology to investigate the relationship between fiber particle size and caecal 328 microflora of rabbits. We found that the alpha diversity index of the finest particle size was the 329 highest numerically, although there was no significant difference in bacterial diversity in this 330 study. We have previously confirmed that the growth performance of rabbits at group 10 µm 331 particle size is the best . There are also studies showing that high diversity of 332 microorganisms is beneficial to animals (Arrazuria et al., 2016) . However, we observed the 333 Shannon index of archaea decreased significantly with the decrease of particle size, which was 334 contrary to the change of ADG (average daily gain) and ADFI (average daily feed intake) in 335 rabbits. This may be due to the low content of archaea (0.2 ± 0.23%) in the cecum (Liu et al., 336 2016) and its change in diversity was insufficient to affect the growth performance of rabbits. 337 We also discovered that microbial abundance varied with the different particle size of 338 alfalfa, this is consistent with previous studies on poultry (Engberg et al., 2004; Santos et al., 339 2006 (Zhu et al., 2015) , the abundance of Bacteroidetes 345 (23.96%~36.05%) is the second largest bacterial community in our study, it is indicated that 346 Bacteroidetes do play an important role in intestinal digestion in rabbits. Research has suggested 347 that there were high abundance of Bacteroidetes in the intestine of herbivore animals related to 348 the higher fiber content of food intake (Crowley et al., 2017) . Contrarily, we found that the 349 relative abundance of Firmicutes and Bacteroidetes were slightly different from previous studies 350 (Arrazuria et al., 2016; Jin et al., 2018) . One of reason maybe that the result of sex selection in 351 rabbits (Arrazuria et al., 2016) . Moreover, it may also be the fact that the individual cages was 352 not used in this work as previous reports . Certainly, it was possibly caused by 353 feeding coccidiostatic as well. But the specific reasons for the differences still need to be proved 354 by further experiments. Manuscript to be reviewed 360 relative increase of crude protein content or more protein binding site in the diet when the 361 particle size of alfalfa decreased (Table S1 ). This was in line with the opinion that Proteobacteria 362 was related to protein digestion (Jami et al., 2013; Liu et al., 2016) . As the main genus of 363 Proteobacteria, the relative abundance of Succinivibrionaceae UCG-002 was significant 364 increased with the reduction of particle size of alfalfa. Therefore, we assumed that 365 Succinivibrionaceae UCG-002 might be a microorganism involved in protein digestion. But 366 further work is needed to confirm this speculation. In addition, it was more interesting that the 367 relative abundance of Tenericutes (2.11%) in the 10 μm group was significantly higher than the 368 other three groups and became one of the major microbe of the caecum. Nevertheless, Arrazuria 369 et al. (2016) found that the relative abundance of Tenericutes only was 0.43% in the caecum of 370 regular diet fed rabbits, which was similar to the Tenericutes abundance of the other three 371 treatments in this study. Therefore, it is regarded that the increased relative abundance of 372 Tenericutes was attributed by the ultrafine smashing of alfalfa. It is a pity that the specific role of 373 Tenericutes in the cecum of rabbits remains unrevealed.
374
In terms of genera, Unclassified Bacteroidales S24-7 and Ruminococcaceae UCG-014 were 375 the two most abundant bacteria in rabbit caecum. However, Bäuerl et al. (2014) reported that the 376 most frequent genera in healthy rabbits were Ruminococcus and Alistipes. This might resulted 377 from the different rabbit species and diets used in two studies. It was reported that the specific 378 role of Unclassified Bacteroidales S24-7 in the intestine was to breakdown starch, complex 379 polysaccharides and fiber (Lan et al., 2006) . Studies have shown that excessive oxalate can cause 380 kidney stones by complexing calcium (Whiteside et al., 2015) , while Unclassified Bacteroidales 381 S24-7 can degrade oxalate (Ormerod et al., 2016) . This further confirmed the important role of 382 Bacteroidetes in the cecum of rabbits. Furthermore, previous studies have shown that family 383 Ruminococcaceae was closely related to fiber degradation (Wood, 1988; Ezaki, 2015) . And that 384 the Ruminococcaceae UCG-014 as the main genus of Ruminococcaceae, should also play a role 385 in fiber degradation. This is consistent with the common sense of rabbits as a herbivore.
386
Lactobacillus as a beneficial microorganism can inhibit the growth of pathogenic bacteria, 1 Table 1 2 The average value of alpha diversity index of caecum microbes of rabbits fed diets with different particle size 3 of alfalfa meal 4 1 Data are the means of six replicates. Manuscript to be reviewed Phyla and genera with different relative abundance in caecum of rabbits fed diets with different particle size of alfalfa meal 1 Table 2 2 Phyla and genera with different relative abundance in caecum of rabbits fed diets with different particle size of 3 alfalfa meal 4 The " 0 " represent not detected;
5 1 Data are the means of six replicates;
6 2 The particle size of alfalfa was 2500, 1000, 100 and 10 µm; data are the average of relative abundance;
7 3 Values with different superscripts in the same row mean significant difference (P < 0.05).
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